Abstract-This paper proposes a novel non-data-aided maximum likelihood (ML) approach for the estimation of the residual timing error in OFDM receivers. The novel approach effectively utilizes the finite alphabet property of the received symbol constellation to perform a near perfect residual timing error estimation. Unlike some of the current techniques, the proposed approach requires no pilots and therefore is bandwidth efficient. Moreover, the reduced complexity version of the post-FFT ML algorithm minimizes the receiver computational burden. Simulation results show that the BER degradation due to residual timing error can be almost completely recovered for both AWGN and Rayleigh fading channel scenarios.
I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) has become a key modulation technique for high data rate wireless applications. The OFDM, also known as multicarrier modulation (MCM), incorporates a large number of orthogonally selected subcarriers to transmit a high-data-rate stream in parallel in the frequency domain. Spectral efficiency and multipath immunity are two major advantages of OFDM technique. It has been adopted for digital broadcasting (DAB-DVB), wireless LAN (802.1 Ia/g), and fixed wireless access (802.16a) standards [1] .
A major drawback of OFDM is its relatively high sensitivity to time and frequency synchronization errors compared to a single carrier system. The time synchronization error refers to the incorrect timing of OFDM blocks at the receiver introducing phase errors and possible inter-symbol-interference (ISI) in the demodulated data. The frequency synchronization error is caused by the offset in RF carrier frequency due to fluctuations in receiver RF oscillators or the channel's Doppler frequency. This carrier-frequency-offset (CFO) can destroy the subcarrier orthogonality of the OFDM signal introducing intercarrier-interference (ICI). Both ISI and ICI results in severe degradation of the bit-error-rate (BER) performance of the OFDM receiver [2] .
In an OFDM system, the complex discrete time OFDM signal rn at the receiver can be given as [31 rn= Sn-de 77 + Wn (I) where, sn is the transmitted OFDM signal and N is the total number of subcarriers. The where, hi's and ri's are the multipath channel coefficients and delays, respectively. The timing of the first arrival path is taken as the reference, i.e. ro = 0. The total number of multipaths is given by I. The time synchronization task involves the accurate estimation of the unknown d and at the receiver. This is crucial for accurate OFDM demodulation (using the FFT) with minimum performance degradation due to timing errors. It should be noted that any timing error within the ISI-free part of CP causes only a phase error in the post-FFl data (constellation points) (Fig. 1) . If [12] . A preliminary insight to the proposed technique can be obtained by assuming the simplest case, where the channel is frequencynonselective (flat-fading) and noiseless with zero frequency offset error (e = 0). Now the receiver gets R = C 0 Pd, and we compute R 0 P for -do < d < do. Note that in general2 R 0 P will not be a vector of symbols from the constellation Q unless d = de. In other words, the value of de is given by the d that maps R 0 P* into a vector of constellation points from Q.
A. Maximum-Likelihood Estimation
Let's now consider an AWGN channel (frequency flatfading with e = 0). The received signal in an AWGN channel can be expressed as Rk ei kd Ck + Wk* (12) The kth element (Rk) of the product R 0 P-is given by Fig. 3 compares the BER performance of the proposed scheme with the perfect timing case for = 0, 0.01, and 0.05 in an AWGN channel. It is evident that the proposed scheme can achieve perfect timing recovery (thus no BER degradation) except for very low SNR (< 4 dB).
The BER performances of the proposed scheme in frequency selective Rayleigh fading channel with 6 independent paths is given in Fig. 4 . In this case we have used e = 0,0.05,0.1 to enhance the effect of frequency error. As can be seen from Fig. 4 , the proposed algorithm achieves perfect timing recovery even in the fading channel when the SNR is sufficiently high. We can observe some degradation in BER when the the SNR is low (< 10 dB) and e is high. However, c does not have a significant effect on the BER performance for practically expected level of post-FFT frequency error c < 0.05. Fig. 5 
V. CONCLUSIONS
In this paper, we proposed a non-data-aided maximum likelihood approach for the residual timing error estimation in OFDM systems. The novel approach uses the finite alphabet property of the symbol constellations and post-FFT signal processing. The necessity for pilots is avoided, thus is advantageous compared to the methods available in literature. Simulation results demonstrate the BER performance recovery of the proposed approach in the presence of residual timing errors in both AWGN and frequency selective Rayleigh fading channels.
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